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which method steps comprise separating the waste into
a plurality of material fractions, in particular a metal fraction, a carbon compound fraction and a rest-material fraction, and subjecting one or more of said material fractions
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The invention relates to a method for obtaining
at least one useful product, which product may be a material product or energy, from landfill-waste, wherein the
method comprises
- obtaining waste from a landfill;
- acquiring data on the qualitative and quantitative composition of the waste, which data in particular include
data on the moisture content, on the metal content, on
the content of carbon compounds and on the particle size
distribution of the waste;
- selecting method steps for obtaining the useful product
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Description
[0001] The invention relates to a method for obtaining
a useful product from a landfill and to a useful product
obtainable by the method.
[0002] A growing interest exists in using waste-materials as substitutes for natural raw materials in applications. For fresh waste-streams it is often possible to separate the waste-streams into different reusable material
fractions - such as various inorganic fractions (e.g. glass,
metal, ceramics) and into various organic fractions (e.g.
plastics, paper, compostable waste) and/or to produce
energy from the waste. Recycling of materials may be
done where the waste has been generated or stored without the different fractions having been mixed or at professional waste treatment facilities, where also more
complex waste, comprising a plurality of different kinds
of materials, may be processed. For these streams it has
become feasible to recover a considerable portion of reuseable materials from the waste streams. For instance,
US 4,624,417 describes a method for processing solid
municipal or industrial waste into a chemical intermediate
substrate for production of energy sources and non-energy related by-products.
[0003] However, for existing land-fills, in which waste
of a complex composition may have been stored for decades, it is already a challenge to recover a minor part of
the materials for re-use. The composition of the waste is
generally rather heterogeneous (comprising varying materials of varying qualities, in varying quantities, usually
having a wide particle size distribution) and highly variable. The composition varies with the type of waste that
has been dumped on a specific spot, the age of the waste
and the extent to which it has aged over time. Aging can
significantly affect the composition and the physical properties of certain waste types. In that sense, register information (landfill inventory) on what has been dumped
alone is insufficient to assess the way the landfill-waste
should be processed as register information tells little
about the actual conditions of the waste. Additional conditions that hamper the processing of the waste are e.g.
a high moisture content, whereby it becomes very difficult
to separate fractions, and a high level of fines caused by
the landfilling process (e.g. compacting of the landfill,
adding intermediate or closing layers e.g. sand or soil).
[0004] Further, often, a large part of the waste that is
to be recovered from the landfill is already a mixture of
residues that originate from often processes wherein as
many as possible valuable materials have been recovered, which means that it is rather difficult to recover further materials with an sufficiently high intrinsic economic
value. This is especially the case for the wastes that have
been land-filled during the last decades. New process
flows will be needed to separate and clean the various
fractions in such a way that they can be recuperated. The
term ’recuperation’ is used herein in general for any activity wherein from landfill-waste, a fraction thereof, or an
area in or on which landfill-waste has been stored some-
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thing useful is made. Recuperation in particular includes
recycling of a material from the landfill-waste to prepare
the same or a similar material (e.g. glass-recycling, ceramics-recycling, paper-recycling, metal-recycling), other forms of valorisation of the landfill-waste or a fraction
thereof, such as conversion into fuel, a construction material, or into energy, and renovation of the landfill area,
e.g. to provide nature, a recreational area, urban or industrial zone.
[0005] In general; a plurality of distinct separation
steps and other treatments are needed to recover a product of interest. In processing of solid waste it is common
practice to design and optimise each treatment separately. Such an optimisation neglects interdependencies between neighbouring treatments and in many cases does
not allow optimisation of the entire process flow.
[0006] WO 2009/111791 relates to a method of remediating landfill waste which aims to efficiently recycle and
reuse substantially valuable waste constituents in existing landfills. The method comprises mining the waste
from a landfill; screening the waste; shredding the waste;
magnetically separating ferrous metals from the waste;
performing a solid distillation de-polymerisation process
on the waste to produce hydrocarbon gas, water vapour,
and dry solid waste; distilling the hydrocarbon gas to produce hydrocarbon liquid; recycling hydrocarbon gas to
produce heat to operate the solid distillation process; and
cracking and hydrotreating the hydrocarbon liquid to produce synthetic fuel. In paragraph [0004] it is stated that
a process is provided that effectively extracts and recycles substantially all valuable constituents from landfills.
The inventors contemplate that this technology is less
suitable for highly heterogeneous wastes, in particular in
that a relatively large portion of the waste may be left
unused for the preparation of a useful product.
[0007] It would be desirable to provide a method that
allows for an increased portion of the waste to be used
for providing a useful product, in particular a method
wherein also waste material that is conventionally not
considered valuable is used for providing a useful product.
[0008] Further, it would be desirable to provide a method that allows a robust method, for processing landfill
wastes, in particular a method that is more robust, also
if a highly heterogeneous landfill waste is processed.
[0009] In particular it would be desirable to provide a
method that also allows the production of a gaseous fuel
from (highly heterogeneous) landfill waste, in particular
a highly heterogeneous landfill waste.
[0010] It is an object of the present invention to provide
a novel method for obtaining a useful product from landfill-waste, that may be used as an alternative to known
technology, such as the technology referred to in the
above cited document.
[0011] Further it is an object to provide a novel product
obtainable from landfill waste.
[0012] It is in particular an object to address one or
more of the drawbacks of the above cited document.
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[0013] More in particular it is an object to address one
or more of the above desires.
[0014] One or more further objects that may be addressed will be apparent from the description below.
[0015] It has been realised by the present inventors
that one or more said objects are addressed by processing landfill waste in a specific way.
[0016] Accordingly, the present invention relates to a
method for obtaining at least one product, which product
may be a material product or energy, from landfill-waste,
wherein the method comprises
-

-

obtaining waste from a landfill;
acquiring data on the qualitative and quantitative
composition of the waste, which data in particular
include data on the moisture content, on the metal
content, on the content of carbon compounds and
on the particle size distribution of the waste;
selecting method steps for obtaining the product on
the basis of the data thus obtained; and
carrying out the selected method steps,

which method steps comprise separating the waste into
a plurality of material fractions, in particular a metal fraction, a carbon compound fraction and a rest-material fraction, and subjecting one or more of said material fractions
to further treatment, whereby the product is obtained.
[0017] Further, the invention relates to a method for
obtaining a product from landfill-waste, preferably a
method according to the previous paragraph, the method
comprising
-

-

obtaining the waste from a landfill;
separating the waste into a plurality of material fractions, thereby obtaining a metal fraction, a carbon
compound fraction for forming syngas and a restmaterial fraction;
forming syngas and a slag from the carbon compound fraction; and
preparing a construction material (e.g. building aggregate or cement replacement) from the slag.

[0018] The present invention in particular provides a
comprehensive, stable and robust method to direct landfill waste streams to the right technologies (Waste-toEnergy and/or Waste-to-Material) at the right times, with
respect to the technical and, in general also, economic
feasibility and the sustainability of the landfill mining activities.
[0019] ’Stability’ as meant herein refers to tendency of
fluctuations in output (product) in case of a constant input
(land-fill waste of specific composition). The lower the
fluctuation, the higher the stability.
[0020] ’Robustness’ as meant herein refers to the tendency of being able to provide an output (product) of a
specific (satisfactory) quality under changing input conditions (waste composition). The larger the allowable
fluctuations in order to maintain a satisfactory output, the
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more robust the system is.
[0021] A method according to the invention allows
proper processing of the landfill-waste, and in particular
of the waste streams (various material fractions) generated in a method according to the invention.
[0022] In particular, the invention allows an increase
in quality of one or more useful products prepared in accordance with the invention. This is in particular accomplished by applying the Waste-to-Energy and Waste-toMaterial technologies (see below for details) on the landfill-waste in a specific way, namely through a tailoring of
the individual process steps based on the analysis of the
landfill-waste.
[0023] The invention allows the processing of landfill
waste such that a high portion of the waste is actually
used for obtaining a useful product, also if the waste is
highly heterogeneous. In particular, the invention allows
the use of more than 85 wt. %, more in particular at least
90 wt. %, at least 92 wt. %, at least 95 wt. %, or at least
98 wt. %. It is contemplated that - if desired - essentially
all the waste material can be used for obtaining a useful
product, whereby in general it is possible to avoid the
need to dump (a substantial amount of) residual waste
that could not be processed
[0024] In accordance with the invention it is possible
to determine the technical and, if desired, economic
boundaries by assessing a number of scenarios (e.g.
maximum materials recovery, maximum energy recovery, maximum economic gains under current conditions,
maximum environmental benefits under changing legislation, hybrid scenarios of materials recovery& energy
recovery, materials and/or energy recovery and environmental benefits, etc.), and selecting specific method
steps on the basis of one or more of said scenarios. Separate scenarios can be used for separate fractions of the
materials, which scenarios may be combined in the overall-method for obtaining product(s) from the waste.
[0025] It is an advantageous aspect of a method of the
invention that it allows changes in the method steps over
time, e.g. as the composition of the landfill-waste that is
used as a raw material for the method of the invention
changes or as the demand for a specific product changes.
For example, in particular for carboncontaining materials
one may choose to use the carbon containing material
for providing a material product, e.g. use a fraction rich
in cellulose (such as paper, wood, cotton or the like) for
making paper or a fraction rich in plastics to make recycled plastic (i.e. a Waste-to-Material scenario) or one
may choose to convert the waste material into energy
(i.e. a Waste-to-Energy) scenario). Over time, the invention allows swapping from one scenario to another, or
adapting a hybrid scenario of the two.
[0026] Another example is a granulate that has a negative value (requiring a cost to dispose it) or for which a
low value can be obtained, when recuperated in a conventional manner. Such materials can increase their value through e.g. mineral carbonation where CO2 is captured by the granulate. This way CO2 emission costs can
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be avoided or at least reduced, generating a positive value or a strong value for the granulate.
[0027] The term "or" as used herein is defined as
"and/or" unless specified otherwise.
[0028] The term "a" or "an" as used herein is defined
as "at least one" unless specified otherwise.
[0029] When referring to a physical state (gas, liquid,
solid) of a substance (e.g. a fuel), the state at 25 °C is
meant, unless specified otherwise.
[0030] When referring to a noun (e.g. a compound, an
additive, etc.) in the singular, the plural is meant to be
included.
[0031] Further, when referring to ’the fraction’ , ’the
material’ or another noun in combination with a definite
article (the), this should generally be understood as at
least part of that noun, unless specified otherwise. Usually it will mean a major part or all of that noun, in particular
at least 25 %, at least 50 %, at least 75 % or at least 90 %.
[0032] As follows from the above, the term ’product’ is
used herein in a broad sense. The product may be material (composed of matter) or immaterial.
[0033] Material products include chemical substances, materials, or objects. Preferred examples of material
products obtainable in accordance with the invention include water (clean water, i.e. suitable for potable reuse
or process water application), landfill gas, restored nature, glass, ceramics, fine fractions, aggregate fractions,
ferrous metals, non-ferrous metals, plastics, paper,
wood, textiles, refuse derived fuel, hydrogen, syngas (also known as synthesis gas, a gas mixture comprising
carbon monoxide and hydrogen), vitrified slag, CO2,
building materials. A process for obtaining a material
product from waste is also referred to as Waste-to-Material (WtM).
[0034] Energy is an immaterial product. In particular,
an immaterial product may be selected from power (electricity) and heat. The immaterial product may be provided
in or on a carrier for it, such as a heat carrier (e.g. steam,
hot air are examples of energy with a carrier). A process
for obtaining energy from waste is also referred to as
Waste-to-Energy (WtE).
[0035] The landfill waste may be obtained in any way
from any kind of landfill. The landfill is generally first
opened, it has been closed, e.g. with a layer of earth or
other geological material. Then the waste is taken from
the landfill (mined). The excavated area, once all the
waste has been removed, may be restored into a useful
area, e.g. nature, which may be used for recreational
purposes if desired.
[0036] The composition of the landfill waste is not critical. It generally is heterogeneous in composition, i.e. it
generally comprises a plurality of different materials. In
particular, the waste usually comprises in particular one
or more metals (metal fraction) and materials based on
carbonaceous materials (carbon compound fraction).
Further, one or more materials selected from mineral materials of a geological origin (soil, sand and other fines,
aggregate), glass, ceramics and other waste materials
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may be present in landfill waste. Herein after the term
’material fraction’ will be used for a specific (group of)
material(s) of a specific kind, e.g. the metal fraction is the
material fraction for the metals present in the waste, or
obtained from the waste. The fractions may be subdivided - and separated - in a method according to the invention.
[0037] As will be understood by the skilled person, in
practice, a fraction of a specific material obtained from
the waste may still comprise some material of a different
kind, especially before further refining a fraction taken
from the waste. In general though such material fraction,
when recovered from the waste, is enriched in the specific
material compared to the content in the waste material
from which it has been taken. The enrichment (and thus
the final content) of a specific material in a specific material fraction may be chosen within wide limits, as desired. In general, in an upstream part of the method of
the invention the level of enrichment may still be relatively
low, whereas the level of enrichment will be relatively
high downstream in the method (in particular where a
product of interest is obtained). Usually, when referred
to a specific material fraction, the fraction will consist for
more than 50 % of that specific type of material. In particular a specific material fraction may consist for 80-100
wt. %, more in particular at least 85 wt. %, at least 90 wt.
%, at least 92 wt. %, at least 93 wt. %, at least 95 wt. %
or at least 98 wt. % of that specific material. A specific
material fraction may essentially consist of that specific
material. In practice, depending on the intended purpose,
a significant amount of one or more other materials may
be present. Thus, the content of the enriched material in
a specific fraction may be 99 wt. % or less, 96 wt. % or
less or 93 wt. % or less.
[0038] The metal fraction is enriched in metals present
in or taken from the waste. It may be subdivided in ferrous-metals (iron and alloys of iron that are ferromagnetic; ferrous-metals may be recovered magnetically) and
non-ferrous materials (which are not recovered magnetically).
[0039] Carbon compounds are all compounds comprising carbon. Such compounds are also known as organic compounds. It should be noted that organic compounds include biological compounds (such as natural
carbohydrates, e.g. cellulose, lignans etc.) and synthetic
organic compounds (such as carbon based polymers).
The carbon compound fraction is enriched in materials
based on such compounds. Preferred examples of such
materials are plastics, paper and textiles, and biological
waste material (other than wood e.g. waste material from
plants). The carbon compound fraction may be subdivided in a plastics, a paper, a textile, and a residual fraction
(if any). In an embodiment, this fraction is subdivided
based on differences in density. A carbon compound
fraction may be used in particular for recycling purposes
(e.g. recycled paper, recycled plastic and the like), for
preparing a different type of material product (e.g. syngas, a hydrocarbon, an alcohol) or for WtE.
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[0040] Glass and ceramics may be enriched in one
glass&ceramics fraction or be subdivided in separate
fractions. These materials may in particular be used for
recycling purposes, or a secondary filler, e.g. for concrete.
[0041] The mineral materials of a geological origin may
be enriched in a single fraction. If desired, the fraction is
subdivided in more fractions, in particular based on differences in size. E.g. it may be subdivided in one or more
fines fractions and one or more aggregate fractions.
Fines in particular have an average size of 4 mm or less,
Aggregates in particular have an average size of more
than 4 mm. Aggregate may in particular be separated in
a fraction having an average size of more than 4 mm but
less than 10 mm and a fraction having an average size
of 10 mm or more. A mineral material fraction may in
particular be used for preparing a construction material.
[0042] The term ’rest-material fraction’ is used herein
for the fraction that remains after recovering one or more
material fractions from the waste-material. Thereby the
content of the rest-material depends on the method steps
performed on the waste-material. As will be understood
by the skilled person, the rest-material will have a reduced content of a specific kind of material of which a
material fraction has been recovered from the waste. In
an advantageous embodiment, at the process-end of the
method the rest-material fraction, if any, has a relatively
low content of metals, organic compounds, glass and
ceramics, compared to the waste-material.
[0043] In accordance with the invention, data are acquired on the qualitative and quantitative composition of
the waste, which data in particular include data on one
or more of the following: the moisture content, the metal
content, the content of carbon compounds, the glass content, the ceramics content, the content of mineral materials of geological nature, the particle size distribution of
the waste. Such data can be obtained making use of
analytical techniques known per se. See e.g. the BAT
(Best available techniques) Reference Document
(BREF) entitled "Waste Treatment Industries" as published by European Commission in August 2006
(http: //www.emis.vito.be/ sites/ default/ files/ pagina/
BREF_waste_treatment.pdf)
[0044] As mentioned above, a method according to
the invention comprises acquiring data on the composition of the waste. This is advantageous in that efficiency
is improved. Further, this is advantageous in that the part
of the land-fill waste that is recuperable is increased. In
particular, the acquisition of data in combination with selecting the method steps, optionally taking into account
a predetermined scenario, which may be changed over
time, allows for a relatively constant quality of the obtained product(s) or allows for the preparation of one or
more products with increased quality compared to comparable products obtained from landfill-waste obtained
by a method known in the art. For instance, a fuel may
be obtained with increased caloric value or a product may
be obtained with reduced levels of undesired compo-

5

10

15

20

25

30

35

40

45

50

55

nents.
[0045] In an embodiment, the acquisition of data comprises field tests. The acquisition of data may in particular
be based on a number of trial excavations and the examination of the waste samples both visually, as well as
through manual sorting tests. For example, during these
sorting tests the samples can be screened (sieved) after
drying at a specific cut-off size, (e.g. at a cut-off of 10
mm) and weighed. The amount of different material fractions, in particular carbon compound fraction (which may
be subdivided in wood, paper/cardboard, textile, plastics), metal fraction (which may be subdivided in ferrous
and non-ferrous), glass fraction, ceramics fraction (which
may be combined with the glass fraction), stone fraction
and "unidentified" fraction are determined for every fraction larger than the cut-off( e.g. > 10 mm). The individual
fractions are subsequently sampled and further analyzed.
[0046] In particular, data acquisition may include determination of the caloric value, the ash content and the
elementary composition (in particular C, H, N S, Cl, F
and Br) in the different material fractions (based on selected samples of the fraction). This allows to identify the
valorisation potential, through Waste-to-Material or
Waste-to Energy, of the separated fractions.
[0047] Preferably, a representative number of samples
is taken before mining the land-fill waste, in such as way
that at least 75 % of the land-fill waste is assessed for
both quantitative and qualitative composition (quantity
and nature of the various fractions),
[0048] Further, it is preferred that information is acquired on the level of ageing of the landfill-waste, making
use of a calibrated aging model. Such information can
be obtained by comparing the total organics content
(TOC) in the landfill waste and compare it with the TOC
content in the landfill waste at the time of dumping the
waste, if such information is available, or by determining
the TOC decay curve.
[0049] The average decay (aging) can be described
reasonably well with a first order decay curve [C(t)= Co
e-kt]. The factor ’Co’ represents the concentration of TOC
in the waste at the time of burial; ’k’ is the first order rate
constant and reflects the rate at which the degradation
of carbon-rich material occurs. The estimated value can
be compared to the first order rate constant often used
in models to predict methane recovery from landfills.
[0050] Thereafter, method steps are selected for obtaining the useful product on the basis of the data thus
obtained. For this, depending on the intended product(s)
and the acquired data, use may be made of a predetermined scenario (see also above when referring to the
scenarios), an existing scenario may be modified, or a
new scenario may be designed.
[0051] Figure 1 illustrates how different aspects can
be taken into account when selecting the method steps.
In particular these aspects comprise:
-
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waste quality)
additional materials and energy (not originating from
the waste, if any), that may be needed in order to
obtain the desired useful product(s), in view of the
composition and a selection of method steps that is
considered
emission-levels (such as flue gas) for a selection of
method steps that is considered
percentage of waste that is not recuperable for a
selection of method steps that is considered (restwaste)

[0052] On the basis of such aspects, it can be determined which material and/or immaterial products are obtainable by a specific selection of method steps, in a satisfactory quantity and quality, and with a satisfactory low
level of emissions and non-recuperable waste. For commercial reasons, in practice required investments and
expected added value to the product will usually also be
taken into account.
[0053] If desired the selected method steps or the scenario may be changed over time, in particular as a result
of a change in composition of the landfill-waste and/or
product demand in the market. For instance, one may
change from a WtE scenario to a WtM scenario, or
change the part of the waste that is used for WtM relatively to the part that is used for WtE.
[0054] Next, examples of scenarios that can be followed are given. Several of these are illustrated by a
Figure. If desired, one or more of the mentioned steps
can be omitted or one or more steps can be added, in
particular, the subject-matter of two or more of these scenarios or part(s) thereof may be combined.
[0055] Figure 2 shows a scenario, wherein syngas is
made and a building material. The syngas may be used
for power, heat and CO2 production. The ’Fine fractions’
and ’aggregate fractions’ are rich in mineral materials
from geological origin. RDF is Refuse Derived Fuel, CHP
is Combined Heat Power, ELFM building materials are
building aggregates, gravel replacement and cement replacement, CCS is Carbon Capture and Storage, APC
is Air Pollution Control. In particular, the capturing of the
landfill effluent and extraction of landfill gas, as well as
method steps downstream thereof, are usually carried
out before completion of the landfill mining, and discontinued at the start or at the completion of the mining.
[0056] Figure 3 shows yet another example of a scenario for a carbon compound fraction.
[0057] Next, an example is given of a scenario wherein
the type of recuperation for a specific kind of material is
selected depending on the purity in which that material
is obtained after recovering it from the waste. The purity
that is obtainable may depend on the initial composition
of the waste and the separation technology that is practically available (if only use is made of a certain existing
separation facility). The example is given for PET, but
may be applied for other plastics or other kinds of materials, mutatis mutandis. This scenario takes into account
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that a choice can be made to use the material for primary
recuperation (recycling to obtain essentially the same
kind of product, in this example PET that can be used to
make a plastic product, e.g. by re-extrusion), for secondary recuperation (use it without substantial chemical
modification for a purpose for which the product specifications are less demanding, e.g. PET as a filler in concrete), for tertiary recuperation (conversion into a different material/compound, e.g. converting PET into a hydrocarbon (olefin) or syngas)), or for quaternary recuperation (burning and obtaining energy). Primary recuperation generally requires the highest purity, secondary the
next highest purity, tertiary the next highest purity and
quaternary recuperation the lowest purity in order to obtain satisfactory results. Specific minimally required purities depend on the specific material to be recuperated,
the available technology (if only use is made of existing
technology, product specifications, government regulations and the like). A suitable minimum purity can be determined based on the information disclosed herein including in the cited references, common general knowledge, and optionally a limited amount of routine testing.
[0058] After selecting the method steps these are carried out. Each step may independently be selected from
continuous method steps (continuous input, continuous
output), semi-continuous method steps (examples of
semi-continuous methods steps are methods with continuous input of material or intermediary product and
batch-wise output of (intermediary) product; methods
with batchwise input of raw material or intermediary product and continuous output of (intermediary) product;
methods with intermittent input of raw material or intermediary product and/or intermittent output of (intermediary) product), and batch method steps.
[0059] As mentioned above, the method at least comprises separating the waste into a plurality of material
fractions. Parts of the landfill-waste that can be identified
by the naked eye, usually (largely intact) macroscopic
objects such as tyres, electronic equipment, vehicles and
recognisable parts thereof, may conveniently be separated from the bulk of the landfill-waste before further
treatment, making use of a visual screening technique.
E.g. they can be picked out manually by machine.
[0060] Advantageously, the landfill-waste, from which
large pieced of materials may already have been recovered, is subjected to one or more pre-treatment steps
prior to (further) separating the waste into a plurality of
material fractions. These pre-treatment steps may in particular be selected from the group of visual screening,
washing, pre-drying, drying, and size-reduction treatments, such shredding, milling ( e.g. with cascade ball
mill), or crushing. One or more of said steps may further
be carried out at any-point down stream of the process
to one or more of the fractions obtained from the waste.
Suitable conditions may be based upon methodology
known per se in the art (see e.g. BAT (Best available
techniques) Reference Document (BREF) entitled
"Waste Treatment Industries" as published by European
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Commission in August 2006.).
[0061] Usually, at least a metal fraction and a carbon
compound fraction are obtained, as well as a rest-material fraction (containing the remainder of the waste material). Advantageously, one or more further material fractions are obtained and/or the material fractions are further
separated in subdivided fractions (e.g. a ferrous metal
fraction and a non-ferrous metal fraction, in particular
such as mentioned herein above. Suitable conditions
may be based upon methodology known per se in the
art and the information disclosed herein (see e.g. BAT
(Best available techniques) Reference Document
(BREF) entitled "Waste Treatment Industries" as published by European Commission in August 2006.)
[0062] In an advantageous embodiment, the waste is
separated into a metal fraction, a carbon compound fraction, a rest-material fraction, and further into a glass
and/or ceramics fraction.
[0063] Separating may in particular comprise one or
more of the following techniques. size-based separations
(e.g. drum-screening, sieving), magnetic separations
(e.g. using a band magnet), density-based separations,
eddy current separations. A plurality of steps can be carried out in order to obtain a specific material fraction with
a high content of the specific material and/or to obtain a
high recovery degree of the material from the waste, such
that little or no material is left as residual waste.
[0064] The ferrous metal fraction may in particular by
obtained using a magnetic separation.
[0065] A density based separation (which may make
use of air or another gas or a liquid, in particular water).
A gas based density based separator may in particular
be used to separate carbon compounds, especially paper
and optionally plastics with a relatively low density, from
materials having a higher density (metals, wood, textiles,
relatively dense plastics, glass, ceramics, relatively
coarse mineral particles)
[0066] A liquid based density separator is for instance
very suitable to recover textiles, wood, paper, (most)
plastics from mineral materials (fine and coarse).
[0067] The landfill-waste material or any of the fractions may be subjected to one or more treatments selected from the group of physical treatments, chemical
treatments, biological treatment, and combinations
thereof, in particular, thermochemical treatments, physicochemical and biochemical treatments.
[0068] Examples of treatments that may be solely
physical are heat-treatments and irradiation with electromagnetic waves.
[0069] Thermochemical treatments include pyrolysis,
torrefaction, gasification, liquefaction.
[0070] Physicochemical treatments include extraction
and distillation.
[0071] Esterification is an example of a chemical process. Esterification may in particular be used for the production of a liquid fuel, such as biodiesel. It is in particular
suitable as an additional treatment, after a carbon compound fraction has been subjected to a physicochemical
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process wherein an alcohol or organic acid has been
formed.
[0072] Biochemical treatments include fermentation
(anaerobic digestion) and other ways of converting a material making use of a micro-organism. Figure 3, shows
an overview from which one or more techniques may be
selected in order to obtain one or more of the products
shown in the Figure 3. Other techniques include microwave-heating and photochemical conversion.
[0073] Such techniques are known in the art, see e.g.
BAT (Best available techniques) Reference Document
(BREF) entitled "Waste Incineration" as published by European Commission in August 2006.); for the preparation
of material products:
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http://www.emis.vito.be/sites/default/files/pagina/
BREF_waste_treatment.pdf for obtaining energy:
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[0074] Both pyrolysis and gasification differ from incineration in that they may be used for recovering the chemical value from the waste, rather than its energetic value.
[0075] In a preferred embodiment, one or more of said
treatments selected from the group of physical treatments, chemical treatments, biological treatments, thermochemical treatments, physicochemical and biochemical treatments are used for treating a carbon compound
fraction. The carbon compound fraction may in particular
subjected to plasma treatment, gasification or the like, in
order to prepare syngas.
[0076] The preparation of syngas in accordance with
the invention is particularly preferred, because it can be
used to make a gaseous fuel, in particular synthetic natural gas (methane), synthetic petroleum (via the FischerTropsch process), or another chemical of industrial interest, e.g. ammonia or methanol. Further, hydrogen may
be recovered from syngas. In a convenient method, CO
in the syngas is converted into CO2 after which the hydrogen is separated. This conversion and separation can
be accomplished in a manner known per se.
[0077] In accordance with the invention, syngas is usually prepared using a thermochemical process, in particular a slag-forming process, e.g. a plasma treatment or
a gasification treatment. In a specific embodiment, the
slag-forming process comprises both a plasma treatment
and a gasification treatment. A slag-forming process in
a method according to the invention is in particular advantageous in that no or low levels of ash are formed.
Further, the inventors realised that the slag obtained in
accordance with the invention, in particular a vitrified
slag, may be used for (the manufacture of) a construction
material.
[0078] For gasification a fluid bed gasifier is particularly
suitable.
[0079] In a particularly preferred method of the invention for preparing syngas, the carbon compound fraction
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is subjected to a plasma treatment and a gasification
treatment. For instance, use may be made of a fluid bed
gasifier in combination with a plasma converter.
[0080] The provision of (syngas for) a gaseous fuel is
in particular advantageous over the provision of liquid or
solid fuel for providing a fuel which can be converted into
energy with a high efficiency and with reduced emission
of compounds that are considered detrimental to the environment. Further, flue gas formation tends to be reduced when gaseous fuel is combusted, whereby the
provision of (syngas for) gaseous fuel.
[0081] Further, anaerobic digestion may be used to
convert carbon compound fraction into biogas. The preparation of a gaseous fuel is particularly preferred in accordance with the invention, in order to provide a particularly robust method.
[0082] However, if desired, the carbon compound fraction may be use to make a solid or liquid chemical compound or composition, e.g. for use as a fuel, e.g. using
any of the technologies shown in Figure 3. A particularly
suitable method to obtain syngas has already been outlined above.
[0083] For the preparation of both syngas and slag, a
plasma treatment is in particular suitable.
[0084] Microwave-heating or photochemical conversion may be used to improve the quality of especially the
syngas. Such treatment may further be used to improve
the quality of the slag. Microwave-heating or photochemical conversion may further be used to improve the effectiveness or efficiency of the plasma treatment.
[0085] In an advantageous method of the invention, in
particular a method wherein a gaseous useful product,
such as syngas and/or a gaseous fuel (in particular a fuel
comprising methane) is obtained, the carbon compound
fraction is obtained by
-

-

if desired, subjecting the waste to a size reduction
treatment;
removing ferrous metals from the waste;
separating the (size-reduced) waste to a size-fractionation step, thereby separating the waste into a
first size-fraction comprising large waste-material
particles, a second size-fraction comprising small
waste-material particles and - if desired - a third sizefraction comprising waste-material particles of an intermediate size; and
recovering the carbon compound fraction from one
or more of the size-fractions, wherein - if the carbon
compound fraction is recovered from more than one
size-fraction, these recovered fractions may be combined before further use.

[0086] In particular, the recovery of the carbon compound fraction may comprises subjecting one or more of
said size-fractions to a density-based separation wherein
carbon compound materials having a relatively low density (such as paper and low-density plastics) are separated from materials having a relatively high density (such
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as metals, high-density plastics, wood). In such a method, the carbon compound materials may in particular be
recovered from the materials having a relatively high density.
[0087] In a method wherein the landfill-waste has been
subjected to a size-fractionation step, as indicated above,
the metals may in particular recovered from the second
size-fraction comprising small waste-material particles,
and the remainder of said second size-fraction is subjected to a separation step wherein inorganic materials
(such as sand and coarser inorganic materials) are removed from the second size-fraction, which separation
comprises a density separation step wherein a fraction
enriched in carbon compound materials and a fraction
enriched in the inorganic materials is obtained.
[0088] A water-based separation technique is particular suitable as a density separation step wherein the fraction enriched in carbon compound materials is obtained.
Suitable water-based separation techniques are known
in the art. These include sink-and-float method, jigging,
water drums, aqua-motors and the coal spiral. The fraction enriched in carbon compound materials, obtained
by the water-based separation step is advantageously
subjected to a size-separation step, thereby obtaining an
organics-rich sludge and a carbon compound fraction.
The organic sludge may be used to obtain methane, ethanol or another useful compound by using is as a substrate for a micro-organism capable of converting it into
a useful compound. For instance, the organics-rich
sludge may be subjected to anaerobic fermentation,
thereby obtaining methane or ethanol.
[0089] The invention is further particularly suitable to
prepare a slag-based construction material is prepared
comprises mixing at least part of the slag with at least
part of the rest-material fraction. The construction material may in particular be selected from building aggregate
(filling material) through physic chemical cleaning of the
fines and aggregate material or as cement replacement
through alkali activation.
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Method for obtaining at least one useful product,
which product may be a material product or energy,
from landfill-waste, wherein the method comprises
- obtaining waste from a landfill;
- acquiring data on the qualitative and quantitative composition of the waste, which data in particular include data on the moisture content, on
the metal content, on the content of carbon compounds and on the particle size distribution of
the waste;
- selecting method steps for obtaining the useful
product on the basis of the data thus obtained;
and
- carrying out the selected method steps,
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which method steps comprise separating the waste
into a plurality of material fractions, in particular a
metal fraction, a carbon compound fraction and a
rest-material fraction, and subjecting one or more of
said material fractions to further treatment, whereby
the useful product is obtained.
2.

3.

Method according to claim 1, wherein the acquiring
of data comprises a combination of a field tests and
the use of a calibrated aging model.
Method according to any of the preceding claims,
wherein the selected method steps further comprise
one or more pre-treatment steps of the landfill-waste
material or a part thereof, which pre-treatment steps
are selected from the group of visual screening (for
removing large material pieces), pre-drying, drying,
size-reduction treatments, shredding, milling (e.g.
with cascade ball mill, and crushing.

9.
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5.

Method according to any of the preceding claims,
wherein the selected method steps further comprise
one or more treatment steps selected from the group
of physical treatments, chemical treatments, biological treatments, thermochemical treatments, physicochemical treatment, biochemical treatments, in
particular from the group of, drying, size-based separations, magnetic separations, density-based separations, eddy current separations, heat-treatments,
irradiation with electromagnetic waves, plasma
treatments, pyrolysis, torrefaction, gasification, liquefaction, fermentation.
Method according to any of the preceding claims,
wherein the separating of the waste into a plurality
of material fractions, comprises separating the waste
into a metal fraction, a carbon compound fraction, a
rest-material fraction, and further into a glass and/or
ceramics fraction.

Method for obtaining a useful product from landfillwaste, preferably a method according to any of the
preceding claims, the method comprising
- obtaining the waste from a landfill;
- separating the waste into a plurality of material
fractions, thereby obtaining a metal fraction, a
carbon compound fraction for forming syngas
and a rest-material fraction;
- forming syngas and a slag from the carbon
compound fraction; and
- preparing a construction material, in particular
building aggregate or cement replacement, from
the slag.
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4.
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10. Method according to claim 7, 8 or 9, wherein the
syngas is formed using a plasma treatment, which
plasma treatment optionally includes at least one
treatment selected from the group of microwaveheating and photochemical conversion.
11. Method according to any of the preceding claims,
wherein the carbon compound fraction is obtained by
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- if desired, subjecting the waste to a size reduction treatment;
- removing ferrous metals from the waste;
- separating the (size-reduced) waste to a sizefractionation step, thereby separating the waste
into a first size-fraction comprising large wastematerial particles, a second size-fraction comprising small waste-material particles and - if desired - a third size-fraction comprising wastematerial particles of an intermediate size; and
- recovering the carbon compound fraction from
one or more of the size-fractions, wherein - if the
carbon compound fraction is recovered from
more than one size-fraction, these recovered
fractions may be combined before further use.

40

6.

Method according to any of the preceding claims,
wherein the rest-material fraction is subdivided in a
fine rest-material fraction and an aggregate rest-material fraction.
45

7.

8.

Method according to any of the preceding claims,
wherein the useful product is selected from the group
of water, power, heat, landfill gas, restored nature,
glass, ceramics, fine fractions, aggregate fractions,
ferrous metals, non-ferrous metals, plastics, paper,
wood, textiles, refuse derived fuel, syngas, vitrified
slag, CO2, building materials.
Method according to claim 7, wherein a slag-based
construction material is prepared comprises mixing
at least part of the slag with at least part of the restmaterial fraction.

50

12. Method according to claim 11, wherein recovering
the carbon compound fraction comprises subjecting
the size-fraction to a density-based separation
wherein carbon compound materials having a relatively low density (such as paper and low-density
plastics) are separated from materials having a relatively high density (such as metals, high-density
plastics, wood), thereby forming a fraction of materials having a relatively high density and a fraction
of materials having a relatively low density.
13. Method according to claim 12, wherein carbon compound materials are recovered from said fraction of
materials having a relatively high density.

55

14. Method according to claim 12 or 13, wherein metals
are recovered from the second size-fraction comprising small waste-material particles, and the re-
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mainder of said second size-fraction is subjected to
a separation step wherein inorganic materials (such
as sand and coarser inorganic materials) are removed from the second size-fraction, which separation comprises a density separation step wherein a
fraction enriched in carbon compound materials and
a fraction enriched in the inorganic materials is obtained.
15. Method according to claim 14, wherein the density
separation step wherein the fraction enriched in carbon compound materials is obtained is a waterbased separation technique and wherein the fraction
enriched in carbon compound materials is subjected
to a size-separation step, thereby obtaining an organics-rich sludge and a carbon compound fraction.
16. Method according to claim 15, wherein the organicsrich sludge is subjected to fermentation, thereby obtaining methane.
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17. Method according to any of the preceding claims,
wherein the method steps are selected on the basis
of a predetermined method scenario.
25

18. Product, in particular a construction material, obtainable by a method according to any of the preceding
claims.
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